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shown	 to	 activate	 the	bicyclic	 nitroimidazole	pro-drug	 candidate	PA-824	by	promoting	 release	of	 toxic	NO	 into	nonreplicating	M.	tuberculosis	cells	 (Singh	 et	 al.,	 2008).	 The	 crystal	 structure	 of	 Rv3547	 (Cellitti	 et	 al.,	 2012),	 has
underlined	the	importance	of	investigating	F420	binding	enzymes	to	identify	their	substrates	and	mode	of	action	in	order	to	design	new	drugs	to	control	tuberculosis.
























Rv2991	 was	 selected	 as	 a	 target	 of	 the	 EU	 structural	 genomics	 project	 X-TB	 for	 its	 putative	 involvement	 in	 antibiotic	 resistance.	 Rv2991	 is	 homologous	 to	 reductases	 in	 Bacteroides	 fragilis	 that	 confer	 resistance	 to	 5-
nitroimidazole	antibiotics	by	reducing	their	nitro	group	to	a	nontoxic	amine	(Carlier	et	al.,	1997;	Manjunatha	et	al.,	2006;	Manjunatha	et	al.,	2006).	We	solved	the	structure	of	Rv2991	by	SAD	and	deposited	it	 in	the	PDB	in	2003.







product	 was	 visualized	 on	 an	 agarose	 gel,	 and	 purified	 (PCR	 purification	 kit,	 Qiagen).	 The	 expression	 clone	 was	 assembled	 in	 the	 Gateway	 recombination	 cloning	 system	 using	 the	 ‘one-tube’	 protocol	 following	 the	 supplier’s















































































































PDB	ID Q P Z RMSD	(Å) Nres Nalign Gaps SI% SSeQ%
2HTI 0.53 13.8 11.1 1.73 126 119 3 19 91
3DB0 0.51 13.3 10.9 1.74 124 116 5 19 91
Fig.	1	Ribbon	representation	of	the	Rv2991	dimer	generated	by	PISA.	Chain	A	is	represented	in	raspberry	and	chain	B	in	cyan.
5JAB 0.51 14.1 11.2 1.72 127 117 2 24 82
3U5W 0.49 10.4 9.6 1.84 126 117 4 16 91
4ZKY 0.47 13.4 10.9 1.63 139 116 4 22 91
2HQ9 0.45 10.8 9.8 1.75 138 116 4 22 91
1VL7 0.45 7.2 8.7 1.89 135 116 6 18 82
2RE7 0.44 11.2 10.5 1.7 132 111 6 19 91
3F7E 0.42 8.9 9.1 2.32 126 116 6 17 82
The	Q-score	represents	the	quality	function	of	Cα-alignment,	 it	 takes	both	the	alignment	 length	and	RMSD	into	account	(Krissinel	and	Henrick,	2004).	2HTI,	flavin-nucleotide-binding	protein	bh_0577	from	Bacillus	halodurans
(JCSG	to	be	published);	3DB0,	putative	pyridoxamine	5′-phosphate	oxidase	NP_472219.1	from	Listeria	innocua	(JCSG	to	be	published);	5JAB,	biliverdin	reductase	Rv2074	from	M.	tuberculosis	 in	complex	with	F420	(Ahmed	et	al.,	2016);






















































out	of	38	(79%).	There	is	a	drastic	reduction	of	conservation	amongst	pathogenic	strains,	 indeed	Rv2991	homologues	are	only	found	in	two	(M.	tuberculosis	and	M.	canettii)	out	of	 the	 five	pathogenic	species	 (40%)	 in	contrast	with
Rv2074	which	is	conserved	in	four	out	of	five	pathogenic	species	(80%).
Table	6	Conservation	of	Rv2991	in	Mycobacterium	spp.	in	comparison	with	Rv2074	(list	of	genomes	taken	from	(Ahmed	et	al.,	2016)).
Mycobacterium	species Rv2074	homologue Rv2991	homologue Common	habitat
Pathogenic
Mycobacterium	tuberculosis Yes Yes Human	infection
Mycobacterium	bovis Yes No Human/animal	infection
Mycobacterium	africanum Yes No Human	infection
Mycobacterium	canettii Yes Yes Human	infection
Mycobacterium	leprae No No Human	infection
Opportunistic/commensal
Mycobacterium	abscessus Yes Yes Soil,	water,	infection
Mycobacterium	avium Yes Yes Water,	soil,	infection
Mycobacterium	intracellulare Yes Yes Water,	soil,	infection
Mycobacterium	marinum Yes Yes Water,	soil,	infection
Mycobacterium	kansasii Yes Yes Human	infection
Mycobacterium	fortuitum Yes Yes Soil,	water,	infection
Mycobacterium	xenopi Yes Yes Soil,	water,	infection
Fig.	6	The	electrostatic	potential	surface	generated	by	CCP4mg	(McNicholas	et	al.,	2011).	Negative	charges	are	in	red	while	positive	charges	in	blue.	The	left	panel	shows	the	surface	on	the	side	of	the	F420	cofactor	binding	site.	The	right	panel	shows	the	protein	rotated	by	180°
along	the	vertical	axis.	The	cofactor	superposed	is	from	Rv2074	5JAB	and	is	represented	in	ball	and	stick	(carbon	gray,	nitrogen	blue,	oxygen	red,	phosphorous	brown).
Mycobacterium	neoaurum Yes No Soil,	infection
Mycobacterium	ulcerans Yes No Water,	soil,	infection
Mycobacterium	chelonae Yes Yes Water,	soil,	infection
Mycobacterium	genavense Yes Yes Human	infection
Mycobacterium	iranicum Yes Yes Human	infection
Mycobacterium	yongonense Yes No Human	infection
Mycobacterium	simiae Yes Yes Rhesus	monkey
Mycobacterium	haemophilum Yes Yes Human	infection
Mycobacterium	lepromatosis No No Human	infection
Mycobacterium	setense Yes Yes Human	infection
Mycobacterium	kyorinense No Yes Human	infection
Mycobacterium	vulneris Yes Yes Human	infection
Mycobacterium	celatum No Yes Human	infection
Rarely	pathogenic/commensal
Mycobacterium	phlei Yes Yes Soil
Mycobacterium	smegmatis Yes Yes Soil
Mycobacterium	rhodesiae Yes Yes Soil
Non-pathogenic
Mycobacterium	rutilum No Yes Soil
Mycobacterium	pallens No No Soil
Mycobacterium	crocinum No No Soil
Mycobacterium	rufum Yes Yes Soil
Mycobacterium	aromaticivorans Yes No Soil
Mycobacterium	indicus	pranii Yes No Soil
Mycobacterium	bovis	(BCG	vaccine) No No Laboratory
Mycobacterium	vanbaalenii Yes No Mineral	oil,	soil
Mycobacterium	gilvum Yes Yes Water,	soil




Rv2991	 is	an	F420	 cofactor	binding	enzyme	with	a	 split	 β-barrel	 typical	 of	 the	 flavin/deazaflavin	oxidoreductase	 (FDORs)	 superfamily,	with	a	highly-conserved	 cofactor	binding	 region,	but	 also	with	a	divergent	C-terminal
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Highlights
• Rv2991	is	an	F420	cofactor	binding	enzyme	with	a	split	β-barrel.
• Rv2991	shows	a	divergent	C-terminal	region	possibly	involved	in	substrate	recognition.
• Rv2991	features	a	putative	allosteric	regulation	site	on	the	face	opposite	to	F420	binding	pocket.
• Compared	to	Rv2074,	Rv2991	is	less	conserved	across	Mycobacterium	spp.
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